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CHAPTER I. 
THEORY AND PRINCIPLES OF ROTARY ENGINES. 


Comparison of Stationary and Rotary Engines. 

Although rotary engines appear to the novice to be an entirely 
different proposition from the stationary engine, there are many 
important features common to both. In the rotary engines the Otto 
four-stroke cycle principle is used, and the general sequence of actions 
within the cylinder of each type of engine is much the same. The ex- 
pansion of gases within a cylinder drives the piston outward in both 
cases; but in the rotary engine the crank shaft, instead of being free 
to move, is held stationary, and the crank case, supporting all cylin- 
ders, is free to revolve around it. Considering any cylinder alone 
the same crank action appears in both types of engines. In one, the 
crank case is the stationary base and the shaft transmits the torque, 
while in the other, the shaft is the stationary base and the crank case 
transmits the torque. Since in this type of engine the cylinders 
revolve about the crank shaft, something must be done to balance 
this rapidly-revolving weight; hence the cylinders are arranged 
radially. This arrangement also makes possible a very short and 
compact crank case and crank shaft, a feature which is especially 
responsible for the extreme light weight of this type of engine. 


Two Centers of Revolution. 

Another important feature about rotary engines is that all re- 
ciprocation of heavy parts is avoided. In order to accomplish this, 
and at the same time employ a relative reciprocation motion between 
pistons and cylinders necessary in engines using Otto cycle principle, 
two centers of revolution are employed; one about which the pistons 
and connecting rods revolve, and the other about which the crank 
case and cylinders revolve. These two centers are in the same plane, 
but displaced a few inches from each other. Consequently, as the 
two systems revolve together there will be a sliding movement of the 
pistons within the cylinders; for at one part of the revolution, the 
center about which the pistons revolve will be near to any given part 
of the gy wae at the opposite part of the revolution this 

132613—19 _) 
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center will be more distant from this same point on the cylinders by 
exactly twice the distance between the two centers. Thetefore, 
although there is no actual reciprocation of pistons or cylinders, both 
revolve evenly about their common centers and remaining at all times 
at equal distances therefrom, yet there is continually an in and out 
sliding of all pistons within their corresponding cylinders giving a 
relative reciprocation between the two, which is all that is necessary. 
Revolution of Forces. 


With this system of parts in mind, a little physics shows that the 
torque is produced as follows: The force of each explosion is di- 
rectly downwards on the piston heads toward the center of revolu- 
tion of the cylinders. But at a certain part of the revolution the 
connecting rod is extending to one side at an angle since it is con- 
nected to another center somewhat displaced to one side. The explo- 
sive force therefore is resolved into two forces; one acting in the di- 
rection of the connecting rod and the other acting perpendicularly 
against the cylinder wall on the side opposite from the direction in 
which the connecting rod extends. The first of these forces is 
checked by the stationary crank but the second force, against the 
side of the cylinder wall, pushes that cylinder to one side, since the 
cylinder is free to move. Rotation and consequent torque is thus 
accomplished. 

Firing Order. 

A peculiar and interesting point in connection with rotary en- 
gines is the firing order. On account of the fact that all pistons and 
connecting rods operate upon the same crank, all of the cylinders 
must fire at the same point in the revolution about their center in 
order to obtain the same thrust upon the crank. Also, every cylinder 
must fire once during every two revolutions, but no oftener. In 
order to accomplish this, it is necessary to build a rotary engine 
always with an odd number of cylinders, unless it be an engine con- 
sisting of more than one bank of cylinders in more than one plane, 
in which case each would be considered as a unit by itself. An 
attempt at explanation will now be made as to why an odd number 
of cylinders is necessary. First, take the case of the firine order 
being 1, 2, 38, etc. It will be seen that with this first firing order 
every cylinder would fire during the first revolution. Then the 
engine would have to complete another revolution before any cylin- 
der was in a position to fire a second time. An engine built like 
this would undoubtedly operate, but in an airplane engine it is 
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highly desirable to have equal intervals between all explosions in 
order to avoid vibration as much as possible. Let us consider the 
case now where every other cylinder fires in order, and let us sup- 
pose that we are considering an engine with nine cylinders. The 
firing order will then be 1, 3, 5, 7, 9, then skipping cylinder No. 1, 
which is next after No. 9, the firing order is resumed as follows: 
2, 4, 6, 8, then skipping No. 9, No. 1 is the next to fire, which brings 
us back to where we started. Therefore with this firing arrange- 
ment we have succeeded in obtaining a uniform firing interval, and 
at the same time consumed just two revolutions for the firing of all 
cylinders. If an engine composed of eight cylinders has been con- 
sidered, it will be readily seen that after 1, 3, 5, and 7 have fired, in 
order to maintain the even interval it would be necessary to skip 
cylinder No. 8, and No. 1 would then be found to be on position for 
firing, a situation which is not possible at all, for the even-num- 
bered cylinders would be-left out every time and the odd ones forced 
to fire every revolution, which is not possible. An odd number of 
cylinders, however, can be correctly fired if the firing order takes 
every other cylinder in rotation. And furthermore this is the only 
firing order that will accomplish the desired result. 


Function of the Crank Shaft. 


It is always at first a point of wonder with a person unfamiliar 
with rotary engines as to how the explosive mixture is delivered 
to the cylinder heads when these are whirling around some 1,200 
revolutions per minute. This calls for an explanation of the crank 
shaft, which in the rotary engines is compelled to perform four 
distinct functions. In the first place, the crank shaft is the only sup- 
port of the whole engine, one end of it being firmly secured to the 
fuselage. On the crank shaft are the bearings which support the cyl- 
inders, and upon the off-set crank is the center to which the con- 
necting rods are attached and the point of thrust, which indirectly 
causes the rotation. The crank shaft is also used as the only possible 
passage for the introduction of the explosive mixture and lubricat- 
ing oil to the engine. Consequently it is always made large and 
hollow. The explosive mixture after arriving within the crank case 
by way of the hollow shaft reaches the combustion chambers of the 
cylinder either through ports in the pistons or cylinder walls or 
through individual manifolds leading from the crank case radially 
outward to each cylinder head. The lubricating oil passes into the 
interior of the engine through a very small tube within the hollow 
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crank shaft and is then conducted through oil passages to the vari- 
ous bearings of the engine. 


Carburetion. 


In an engine which introduces the gas to its cylinders, as above de- 
scribed, only a rather imperfect carburetion at best can be obtained. 
Consequentiy the carburetor used on rotaries is a comparatively 
crude device. It consists merely of a spray nozzle which introduces 
a fine spray of gasoline directly into the hollow crank shaft and a 
butterfly or sliding throttle which controls the supply of air. Both 
gasoline and air adjustments can be operated at will by the pilot 
and are often changed to meet varying conditions. 


Valve Orerating Mechanism. 


Rotary engines, with the exception of the Gnome, have two valves 
in the cylinder head. These valves are operated by push rods ex- 
tending outward radially along the outside of the cylinders. The 
cam action is quite complicated, and every maker has a system which 
is quite different from all other makes. Little can be said of this 
mechanism here, it being necessary to carefully study each action 
as the engine is being overhauled. It is enough to say that various 
combinations of gears, cams, and eccentrics are employed to produce 
the desired result. 


Valve Timing. 


Although valve timing of rotary engines is essentially the same 
as on any engine using the Otto cycle, there are, however, a few 
special features that must be considered. In the first place, the 
greatest emphasis is placed upon the accurate timing of the opening 
of the exhaust, even at the expense of the closing of the exhaust. 
This is made necessary because the heating of rotary engines is a 
most important factor. Too late opening will cause extra heating; 
and yet the valve must be held closed just as long as other conditions 
will allow in order to get the greatest amount of power out of the 
explosion. In examining the average rotary timing, which will be 
given later, it will be noticed that the exhaust valve is made to 
open in rotaries considerably sooner than in engines with stationary 
cylinders. Although this early opening detracts a little from the 
power of the explosion a considerable amount is gained by the fact 
that back pressure on the exhaust stroke is just so much decreased. 
In considering the setting of the intake valve it is also most im- 
portant to have the opening correct, even though the closing may be 
forced out a little bit, the reason being that it is necessary for the 





ROTARY ENGINES. 13 


explosive charge to get just as early a start in the combusion cham- 
ber as possible in order to obtain the maximum charge. Before end- 
ing our discussion of valve timing it may be well to give an average 
timing for rotary engines. The intake valve usually opens 5° to 18° 
after top center and closes 40° to 50° after bottom center. The ex- 


haust valve opens from 85° to 50° before bottom center and closes: 


at 5° after top center. These figures embrace all timing data of 
rotaries, varicus combinations being used in different types. 


The Technique of Timing. | 

After an engine has been timed in the overhauling room as ac- 
curately as possible, it must be retimed after it has been run for a lit- 
tle while, on account of the effect of expansion caused by heat. Of 
course, it is the timing under running conditions that must be accu- 
rate, so this recheck must be done quickly after the engine has been 
stopped and before it has a chance to cool off. And it may be added 
that rotary engines cool quickly on account of the fluted structure 
of their cylinders. Some quick method of timing must therefore 
be devised. Now, in rotary engines the cylinders, being placed 
radially and at equal intervals, have a definite angle between each, 
this being 40°, for instance, on a nine-cylinder engine. This angle 
may be conveniently used as a basis angle for quickly timing the 
engine by eye. In timing by this method a given cylinder is placed 
either vertically or horizontally in order to get some other cylinder 
in a position for checking the valve operations. It is surprising 
how accurately a large number of positions can be determined by 
various applications of this method. 


Indication of Improper Timing. 


After the engine has been timed and rechecked it should be run for 
several short intervals of time, and the heads of the cylinders should 
be carefully examined for discoloration. If everything is correct, the 
outside of the head of each cylinder should gradually become a.dark 
straw color. If, however, any cylinder head turns bluish in color 1t 
will ingicate tco much heat, probably caused by too late opening of 
the exhaust valve, or possibly also by too rich a mixture. I blue 
spots develop on the cylinders, this is a further indication that the 
mixture is too rich. Should there be, however, a blue streak on any 
cylinder running radially with respect to the engine center, this is 
undoubtedly an indication of either a scored piston or a leaky piston 
ring, either of which would cause excessive heat at that point as the 
piston slides up and down. Im either case a thorough examination 
must be made immediately. 
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Lubrication. 

Lubrication of rotary engines is in every way distinctly different 
from the lubrication of engines having stationary cylinders. On ac- 
count of the rapid revolution of the cylinders, all oil on the cylinder 
walls will be rapidly thrown toward the heads of the cylinders by 
centrifugal force. If an attempt is made to retain this oul, it would 
collect there and cause immediate fouling, but fortunately the oil 
can pass directly out through the exhaust valve. Thus it will be 
seeh that the oil in a rotary is used but once. It is desirable there- 
fore to use an oil which will stay in the engine as long as possible. 
Castor oil has been found much the best for this type of engine, on 
account of its high viscosity. Also castor oil is not cut so rapidly by 
gasoline, a point which is important on account of the intimate re- 
lation between oil and gasoline while passing through the crank case. 
Defects of Cylinder Heating. 

Since rotary engines are air cooled, the side of the cylinders toward 
the direction of revolution is bound to receive the greater rush of» 
air and cool faster than the other side. Consequently more or less 
distortion of the cylinders is produced by this unequal heating. 
This defect, of course, must be reduced as much as possible by the 
prevention of overheating. One way previously mentioned to help 
to prevent this is to keep the fins on the cylinders perfectly clean at 
all times. The fins when clean will radiate the heat much better 
than fins that are discolored or dirty. | 


Care in Overhaul. 

On account of the frail and delicate construction of all parts of a 
rotary engine, the greatest care must be used in overhauling. Many 
of the parts, especially in the neighborhood of the valve-operating 
mechanism, are so placed that they must necessarily operate very 
close to each other. If they are not accurately assembled and pressed 
into place exactly the right amount, there may be some fouling 
between parts, and consequent wear and friction. Whenever any 
part of the engine shows any sign of wear, it should be renewed, for 
even though the wear does no damage to this particular part it will 
undoubtedly excessively wear some other part. Particular care must 
be used in the handling of connecting rods and pistons. The skirt 
of the piston is always very thin, and in handling the piston assem- 
bly if piston is allowed to flop over against the rod, the skirt will 
almost invariably be cracked or broken. Cylinders and pistons must 
also be very carefully examined for scores and for distortion. All 
revolving parts must be carefully checked up as to weight, as any 
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variation will cause excessive vibration. AI] bearings must always 
be carefully scrutinized as these are one of the most important 
causes of failure of rotary engines. The races should be examined 
for wear, and all cracked, chipped, or undersized balls must be 
replaced. No undue force should ever be employed in the assembling 
of any part of the motor, as the fit is supposed to be such that all 
parts may be easily pressed together. Lastly, the utmost cleanliness 
must be used in assembling the parts, for on account of their light 
construction, all working parts are much more sensitive to wear than 
in engines of heavier build. 7 


Advantages of Rotary Engines. 

Rotary engines are especially applicable to small, fast one-man 
combat planes. One important reason for this is the fact that on 
account of the lack of a water system, they warm up to maximum 
efficiency very rapidly. Therefore, when the alarm is sounded a . 
combat plane equipped with a rotary can take the air quicker than 
if equipped with any other type of motor. Also, the rotary engines 
are very light, a feature particularly desirable in small, fast planes. 
The practical absence of vibration is also a strong argument in their 
favor. Rotary engines can be dismantled, overhauled, and reas- 
sembled in much less time than it requires in the ordinary stationary 
engine. This is also a very desirable feature. Lastly, one feature 
which makes them especially valuable in combat. work, 1s the fact 
that they will continue to run longer than the stationary type after 
receiving mechanical injury from the outside, such as bullet holes. 
It will readily be seen that in a rotary engine, while a bullet might 
badly damage one cylinder, the others might continue to operate 
perfectly. In the stationary engine, however, a bullet hole through 
a cylinder will cause the water system to leak and soon all other 
cylinders will cease work from overheating. 


Disadvantages. 

The rotary engine is not in any way adaptable to a plane designed 
for long-distance flight. On account of inefficient carburetion and 
wasteful oiling system these engines consume large amounts of oil 
and gasoline. Therefore, when the plane is equipped for long- 
distance flight this engine becomes one of the heaviest, rather than 
one of the lightest, in use. The distortion of cylinders, owing to 
uneven cooling, is a point in which rotary engines are apt to cause 
trouble. Also, the fact that the engine requires more frequent over- 
haul and is of comparatively short life detracts much from its use- 
fulness. 


- 
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CHAPTER It. 


THE 80 AND 110-HORSEPOWER LERHONE MOTOR. 


1. GENERAL PRINCIPLES. 
Make and Design. ae 
The 80 and 110 LeRhone engines are rotary engines, and as: 
previously stated, are of the four-stroke cycle type. These engines. 
are of French design, the 80 horsepower, however, being made in 


_ America. They are improved copies of the English engines of the. 


same make and design. The LeRhone engines are made of the finest 


chrome nickel steel, the workmanship and material being of the. 


very best. Great care and attention is given to the standardization 
of the different parts, and to give the student an idea of the closeness: 


with which the work is done, the specifications call for the parts to be: 


machined to within one-half thousandths of an inch. 
_ A great quantity of machine work is done on these engines; the- 
crank case weighs about 280 pounds before being machined, the. 


finished case weighing 37 pounds; the cylinders weigh 80 to 90 
- pounds in the rough, and 9 pounds when finished; the connecting: 
__ rods in the rough weigh 3 pounds and 13 ounces when finished; and 
_the other parts are machined in the same proportion. There are. 


several reasons why so much metal is used—one is to get the best ma- 
terial out of the rough forgings and enable the flaws to be found if” 
there are any in the metal. All the parts are oil and heat treated,. 
which toughens and strengthens the metal. The crank case and 


cylinders are roughly machined at first, then heat treated and finally- 
finished. 


_ The Machining of Cylinders. 


- The following are the operations through which one eylinder- 
passes in its manufacture. First, the steel block is rough turned out- 
side and then cut to the desired length on a lathe. It is then placed 
on a turret lathe and bored. A milling operation is next, in which 
the outside of the dome of the cylinder is milled off, and then the. 
ee : 
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block is heat treated. The fins are cut in one operation by two 
tools; one, the roughing tool, working from the front, and the fin- 
ishing tool, working from the rear. However, the finishing touches 
are given the fins by hand. The bore of the cylinder is then ground 
and the cast-iron sleeve is pressed in with a pressure of about 38 
tons. The final operation is the grinding of the bore to a mirror- 
like finish and to the desired size. The dome of the cylinder is 
tested for thickness, and any cylinder that varies more than 0.020 
of an inch in any part of the dome with regard to thickness is rejected 
for the following reasons: (1) The uneven cooling that is experienced 
with metal of varying thickness, and (2) the unbalanced effect of 
different weights on the engine as a whole. It is very necessary 
that all parts of these engines should be equally balanced, for if one 
part is heavier than the other, centrifugal force will cause the engine 
to run unevenly, and naturally the unbalanced effect is greater if 
some parts are heavier than others of the same design. | 
Pistons. 

In the first engines a gray iron piston was used, but it was found 
that pistons of this metal would not stand the pressure, so a semi- 
steel piston was installed. The difference in pressure that these 
two metals will stand is very great, the semisteel being found far 
the better as it is able to withstand an increase of 10,000 pounds 
pressure over the gray iron. 

Valve Cam Design and Operation. 

Before going into the valve timing, the student should familiarize 
~ himself with the direction of rotation, the way in which the cylinders 
are numbered, and the number of degrees between the cylinders. 
This data he will find very useful in the timing of valves and in the 
magneto operations. These two engines having nine cylinders, the 
angle between the cylinders is 40°; the distance between explosions 
is 80°. The cylinders fire Sie mntey and the students should learn 
to sight the positions of the cylinders for the different valve timing. 


The cam device that operates the valves consists of two cams, one ~ 
for the exhaust and one for the induction; but the design of the 
cams for the 80-horsepower is somewhat different to that of the 110-. 
horsepower engine; one cam has sharper lobes and is used for low: 


speed operation only. When the engine speeds up both valves are 
operated by this single cam. In the 80-horsepower engine the two 


cams are exactly alike in profile and the speed at which these cams: 
132613—19-—_8 : | | | : es 
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revolve is different from that of the Gnome and Clerget, the speed of 
the LeRhone cams being nine-tenths of engine speed;. the Gnome is 
half speed while in the Clerget the cam revolves eight-ninths of en- 
gine speed. An eccentric on the crank shaft moves the cams to oper- 
ate the push rods, and its movement is controlled by two gears, one 
on the cam, the female, and one on the case, the male. The difference 
in the two gears is equal to the difference in the eccentric; one gear, 
the female, having 50 teeth. and the male having 45 teeth. The 
cam movement is very peculiar in the LeRhone engines and. will 
need quite a little studying by the student in order to give him a 
thorough understanding as to how they operate the valves. These 
cams have five lobes and are so arranged that they operate the valves 
once in every two revolutions of the engine. The two gears before 
mentioned have a controlling effect on the cam, and give the correct 
ratio of speed of the cam to that of the engine. Owing to the centrif- 
ugal action on the push rod, there is what might be termed an auto- 
matic and mechanical action; the automatic taking place some 10° or 
15° before the mechanical. The setting that the makers give is the 
automatic action. So in timing the valves the student should re- 
member to use the same force that centrifugal action gives; namely, 
the pull outwards on the push rods. If at any time the cams become 
worn in any way they should be taken off the cam boss and a new one 
installed. But these cams should never be taken apart unless it is 
absolutely necessary, for it is a difficult job to get them back correctly. 
If there is a very small error in the setting of the cam, this error will 
be greatly increased at the valve. Although the cams are placed to 
the rear on the 110-horsepower engine, the foregoing applies in tim- 
ing both engines. It may help the student in timing the valves to 
remember the following rule: If the push rod is shortened or length- 
ened by half a turn, it will make a difference of from 2° to 4° on the 
exhaust closing and the intake opening, and from 4° to 8° on the 
exhaust opening and the intake closing. So, if the student is 
timing the valves and the engine is a number of degrees out he can 
quickly figure out how many turns or half turns to give the push rod 
in order to make the timing correct. As each cylinder must be timed 
separately, and not by uniform clearance, the easiest procedure is to 
take the odd numbers first and time the exhaust valve’s closing and 
the intake valve’s opening, and then repeat with even numbers, After 
this, time odd numbered cylinders for exhaust opening and intake 
closing, and then the even numbers. When this has been done, the 
exhaust opening should be checked and made as near as possible to 
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correct even at the expense of other operations. The student must 
remember that it is most important to have this timing absolutely 
correct. To get the nearest possible timing find how nearly correct 
No. 1 is, and then get the others as near to the timing of No, 1 as 
is possible. 

‘The Magneto. 

The magneto for the engine is different from the standard Vee 
type engine magneto in that there is no distributor, this part being 
attached to the engine and rotating with it. It also has a set spark, 
which means that it can not be advanced or retarded, but is always 
fully advanced and is installed in that position. 

‘Care and Maintenance. 

The care and attention that rotary engines need while being over- 
hauled has already been spoken of in the preliminary lecture, and to 
this may be added a few points on the care of this engine in particu- 
lar. The student when starting to overhaul engines will often use 
more strength than is needed; but all parts are pushing fits and can 
be lightly tapped or even pushed into place with a finger. Inci- 
dentally, it will be seen that the ball bearing that takes the load is 
loose in its housing and turns perfectly free therein. It can be held 
stationary while the engine is turned slowly, but should the speed 
ke increased it immediately tightens up. Care should be taken not 
to scratch any part of the engine, especially the heels of the con- 
necting rods and the thrust blocks in which they slide. And while 
scraping carbon from the cylinders, great care should be taken not 
to mar the walls in any way. Should the cylinder walls be scored 
they should be lightly lapped in. If the heels of the connecting rods 
and the faces of the thrust blocks are scratched, they should be 
ground in with powdered sulphur. The pistons should be well 
polished all over, and-if at the time of dismantling they have be- 
come black around the skirt, the piston rings should be examined 
for leaks. If the piston rings are good they should be bright on the 
whole of their wearing surface. Attention should be given to the 
cams and cam rollers, especially to the roller rocker arm to the 
push rod, this being in contact with the instruction cam practically 
the whole of the time. This roller should show no sign of wear or 
heating, and should be replaced if it does. Notice in reassembling 
that the two roller rocker arms do not foul one another. Clean 
out the crank shaft and see that the gasoline that is being syringed 
through comes out freely from the seven holes in the short end 
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crank. If the engine has been dismantled before reassembling, the 
student should examine the ball races in which the valve rocker arm 
moves to see that they are perfectly free, since when the engine is 
revolving the exhausting oil corrodes them and they get gummy and 
stick, with the consequent quick descent of the plane. All ball bear- 
ings should be given a very minute examination; and to emphasize 
this, the following is quoted: “ Out of an average of 10 planes that 
fall, 5 have come down owing to defective ball bearings.” In re- 
assembling, every part should be thoroughly cleaned and well oiled 
on its working face. The crank case joints should be a good fit to 
prevent air leakage and consequent weakening of mixture. Atten- 
tion should be given to the small brass washer that the push rod 
eye works in. This should not have more than 0.001 of an inch 
clearance. ‘This is most important as the intake manifolds are very 
near and air would be drawn through this clearance directly into 
the pipe on the suction stroke and make the mixture lean in that 
particular cylinder. In replacing the pistons be sure that the cut- 
away part is placed toward the trailing edge of the engine, or to the 
student’s right as he stands at the front. 

There is no obturator ring in this engine as in the Gnome and 
Clerget; the four piston rings being considered sufficient by the 
makers. The student should notice the three different metals that 
are used in the cylinders of this engine; the pistons are of semi- 
steel, the rings are of steel and the cylinder sleeve of gray iron, the 
whole making an ideal wearing component. | 


Advantages of the LeRhone Engine. 


Some of the advantages of the 80-horsepower LeRhone can now 
be given. There is no mother rod as in the Clerget and Gnome, 
the connecting rods being separate. In the engines of the mother 
rod type, the connecting rods that are attached to the mother rod 
are never in center while in the LeRhone they are. This is an ad- 
vantage, because in the mother rod type there is an opposing strain 
thrown on the mother rod, but in the LeRhone, the rods being sep- 
arate, each takes its own thrust. There is, however, an advantage 
that the mother connecting rod type has over the LeRhone; that is, 
any rod can be removed by taking off the cylinder for that particular 
rod, while in the LeRhone this can not be done so easily. The valve 
action in the 80-horsepower LeRhone is much easier to get at than 
in the 110-horsepower as this action is located in the front in the 
80-horsepower and in the rear in the 110-horsepower. 
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The cylinders of the LeRhone engine have a gray iron sleeve, 
which can be bored out and replaced when worn. This in an advan- 
tage over the other types, because the cylinder shell of the LeRhone 
can be used over and over again. A compliment was paid to Amer- 
ican manufacture and material by a celebrated French éngineer 
when he said that the life of the American engine is much longer 
than that of the European. For instance, the A reriean connecting 
rods will last 150 hours, whereas the European rods have a life of 
only 50 hours. 

In the article on the disassembly of these engines, the abricstan 
system is given; and appended herewith is a table of pulsations that 
will give the number of revolutions the engine is making by timing | 
a given number of pulsations. a te 








. Revolutions per. 
Pulsations. Seconds. minute. 
50 “L 1,173 
50 70.5 1,186 
50 70 1,190 
50 69.5 1,194 
50 69 1, 205 
50 68. 5 1, 213 
50 68 1, 222 


Castor oil is used exclusively as a lubricant, but mineral oil 1s 
being experimented with. Se 


Running and Causes of Bad Running. 

1. Before starting the engine unscrew the plug in the oil pump 5 
this permits the expulsion of any air that may be located there. 

i Examine the wiring connections at the magneto. : 

. Make sure that the cylinder lock nuts are tight, and that, all 
Paina are correct. 

4, Inject a little oil into the rocker ball bearings and the rocker 
pins at the ends of the valve rods. 

5. Prime the cylinders. 

6. Open the air shuttle of the carburetor about one- quarter and 
the filter traps about half to three- -quarters of the full opening. 

If the engine does not start, remove the high-tension cable with 
the fingers and hold it about one-eighth of an inch from the high- 
tension terminal of the magneto; turn the propeller and note 
whether or not a spark jumps across the gap. If this occurs, it 
shows that all is correct around the magneto. If not, the following 
should be looked after; the magneto high-tension cable, distributor, 
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and brush holder. If the engine will not start then, thoroughly 
wash the spark plugs. If the engine starts, but misfires, allow the 
engine to run a little while, then ascertain which cylinders are cold. 
Replace the spark plugs on such cylinders with new ones. If the 
engine backfires to the carburetor, examine the passage of the gaso- 
line and see if the flow is regular; check magneto setting; examine 
the induction pipe joints; inspect valve springs, which should be 
kept at exact tension, and clean them if sooty; examine push rod 
eye washers for fit. 

General Examination of the Engine. 


_ Itis advisable to make a complete examination of the engine every 
80 hours, and during this examination it should be noticed if the 
studs around the crank case are loose, and if the crank case revolves 
truly around its center. If it does not, the cause should be sought 
immediately. If the crank case is not true, the faces of its parts may 
be turned down to correct the trouble. | 


2. THE DISASSEMBLY OF THE 80-HORSEPOWER LERHONE 
MOTOR. 


Items To Be Checked Before Disassembly. 


As usual before dismantling any part of the engine check the valve 
timing and the clearances, also the ignition timing. Judge the posi- 
tion of the cylinders in their cycle by sighting, using the angle at 
which the cylinders are set on the crank case as a basis for estimating 
the number of degrees. The student could also be taught to re- 
member where a certain cylinder would be when another cylinder 
was placed in either one of the particular positions for the valve or 
ignition timing. wae 

It should be pointed out that all fits of the different parts are 
either oil tight or push fits, so there is no need for the use of excessive 
strength in working on this type of engine. 

Order of Disassembly. | 
The order of dismantling is as follows: 
(a) Nose. 
(0) False nose. | 
(¢) Cams, short crank and cam rockers. 
(z@) Cylinders. 
(e) Connecting rods. 
(f) Thrust cover. 











FIG. 5—CROSS SECTION, SHOWING BALL BEARINGS. 
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Removal of Magneto, Carburetor, etc. | 

We will assume the engine is on the test stand with spark plugs re- 
moved and the valve and ignition timing checked. The magneto 
and oil pump should now be removed from the main bearing plate, 
and the carburetor from the rear end of the crank shaft. 


Removal of Intake Manifolds. 

The first parts to be removed from the engine proper are the intake 
manifolds. Start from the crank case and remove the nuts from the 
erank-case end of the manifold and then the small cap screws at the 
head of the cylinders and intake pipe. The reason that a start is 
made from the crank case is that the pipe will be held rigid. If the 
eap screws are removed first and the nuts at the crank case loosened 
next, the intake manifold will drop and damage the threads on the 
studs. 


Removal of Nose. 

The push rod should be removed next. First loosen the lock nut on 
the push rod at push-rod eye end. Then press back the clevis-pin 
spring collar and remove small lock ring. Push out pin and unscrew 
push rod from eye at lower end. A hack-saw blade sharpened to @ 
point is the best tool for removing the small lock ring from the clevis 
pin. The nose should be dismantled next. Remove the nuts around 
the crank case—18 in number—and pull the nose away. This will 
leave the false nose exposed and ready to be taken off the engine. AS 
these nuts and parts are taken off this engine, care should be taken 
that they are not mixed with any others from other engines. 


Taking Measurement of Cylinder Setting. 

Before going any farther the distance that the cylinder stands out 
from the crank case should be measured. In absence of the proper 
gauge, tool No. 1, it. can be measured from the upper edge of the 
bevel in the crank case to the center of the valve rocker arm shaft 
with a cylinder in a vertical position upwards and on the front of 
the engine; the distance should be 103 inches full. It is advisable 
' to loosen the cylinder lock rings while the engine 1s on the stand and 
this should be done at this point with spanner wrench, tool No. 2. 3 


Removing Cylinder Assembly. , 

Next, remove the engine from the stand, after unscrewing lock 
rings from rear end of crank shaft with spanner wrench; also re- 
move lock ring immediately behind the main bearing plate. If the 
removal is difficult, a light blow with a hammer on both rear and 
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front bearing plates and with some one pulling on the engine will 
often help to remove it. If it does come away care should be taken 
so that the engine does not drop at the front end and allow the 
weight to rest on the extreme end of the crank shaft and the small 
rear end bearing plate. If it should prove that the engine is too 
tight to be moved in this manner, the front main bearing plate may 
be removed with the engine and detached afterward. 


Removing Bearing Plate and False N oSe. 

The main bearing plate can be pulled off the shaft with special 
puller, tool No. 3, as follows: Place small square blocks under the 
main bearing plates and screw in the long bolts through the two 
holes in which the magneto and oil pump are inserted, placing the 
bar across the end of the crank shaft. It is advisable to place one 
of the lock rings on the end of the shaft before tightening down the 
nuts on the bolts. Now, take up on the nuts until a strain is on the 
puller and then give the bar on the end of the shaft a sharp blow 
with a hammer and the plate will come away. ‘This operation must 
be done with the engine on the shipping stand with nose downwards. 
When the anchor plate is off, the engine can be placed nose upwards 
and the false nose taken off. This will leave the cams exposed. 


Removal of Cams and End Crank. 

The next things to be removed are the cam roller rocker arm pins, 
and, if the special tool is not available, they can be pulled out with 
one of the small cap screws from the top of the intake manifold with 
tool No. 4. The rocker arms can be pushed back into the recess in 
the crank case and the cams pulled out of the engine, after which 
the roller rocker arms are taken out and laid on the bench in their 
proper order. Remove nut that holds false nose bearing in place. 
This exposes the short end crank. To remove the short end crank, 
take out small screw from lock plate and remove the nut. Give sharp 
blow with copper hammer or mallet. This will allow the short end 
crank to be taken away and the front thrust rod bearing with it. 


Removal of Cylinders and Connecting Rods. | 

Now remove the front half of connecting rod thrust block by 
loosening the flat headed screws that hold the two halves together. 
These screws are to be loosened with special tool No. 5, after which 
the cylinders may be unscrewed from the crank case. The connect- 
ing rods may be removed, starting with No. 8 rod or No. 9 rod, 
whichever is the first one to be removed, the other rods must be placed 
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in such a position that the feet do not interfere with the rod to be re- 
moved. -In placing these rods, care should be taken not to spring 
or bend the piston rings by allowing them to come into cohtact with 
the thread cut in the cylinder holes and also that the rod does not 
bump against and injure those threads. Bearing this in mind, the 
rods can now be taken out in their rotation by carefully moving the 
engine around, watching the threads at all times. When all rods 
have been removed, the rear half of the connecting rod thrust block 
can be taken off the shaft. This will leave the crank case and crank 
shaft, and thrust cover attached to the crank case. To remove the 
thrust bearing cover, turn crank case over and remove the nuts from 
the cage and crank case. Also remove the two keys in the crank 
shaft, which hold it in place in the main bearing or anchor plate. 
This will allow the thrust bearing cover or cage to be drawn off the 
crank shaft with the thrust bearings inside, leaving the crank shaft 
and the big load bearing in the crank case. These last two parts are 
taken out together. 


To Take Out Crank Shaft and Thrust Bearings. 

To remove the crank shaft and bearing from the crank case, remove 
the oil pipe first and then withdraw the crank shaft. The ball bear- 
ing can be taken off the crank shaft after the four flat headed screws 
have been taken out. The thrust bearings inside the thrust cover can 
be taken out after the nuts directly behind the magneto and pump 
drive gear have been removed, and the distributor and the gear have 
been taken off the thrust cover. Now turn the thrust cover over and 
remove the grub screw from the remaining nut. Remove retaining 
nut and this will allow the double thrust bearings to be withdrawn. 


Removing Valves. | : 

To remove valve rocker arm shaft at the head of the cylinders take 
out the bolt through the clamp and tap out the shaft. The valve 
rocker arm shaft support should never be removed. The valves can 
be removed from the cylinders by taking out the cotter pins and un- 
screwing the collar off the valve stem. The guide can also be taken 
out when necessary for repair, but the part in which the valve guide 
is placed should never be detached from the cylinder. 


The Cam Pack. 

The cam pack should never be taken to pieces excepting to re- 
place one of the cam plates. The bolt holes are elongated and it is 
very difficult to get the pack absolutely correct again, and the stu- 
dent should be told how the least change in the cam pack makes a 
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greater change in the valve action, i. e., in the opening and closing 
in the number of degrees before or after top or bottom center. 
Taking Rings From Pistons. 


In removing the piston rings from piston care should be taken 
not to distort these rings.. The easiest and best way is to take hold 
of one end of the top ring and use a kind of unscrewing motion, 
and as the rings are removed they should be laid on the bench in 
such a manner that it is an easy matter to pick up and replace them 
In exactly the same position on the piston as they were before re- 
moval. ‘Io replace the rings, just slide them over the top of the 
piston. 


Removal of Rocker Arm Rollers. 


The rollers on the valve rocker arm are removed by unscrewing 
the screws that hold them in place. The brushing holder in the crank 
case in which the push rod eye moves can be removed by unscrewing 
the cap with a special tool. There are four small holes drilled in 
this cap for that purpose. A punch should not be used for three 
reasons: One, it is not the right tool-to use; two, the punch if used 
will be forced through the cap and make the inside rough for the 
small brass washer to run against in its lateral movement; three, 
if there are holes made in these caps it will affect the mixture by 
allowing air to be drawn in through these holes. 


Removing Piston Pins. 
We will now remove the piston from the connecting rod. To do 


this unscrew the small retaining bolt, which goes through the piston 
pin boss and the piston pin, from the piston, and tap out the piston 
pin. The piston pin is slightly tapered and should be tapped out 
from the retaining bolt end. This is important because if it is 
tapped out from the large end of the piston pin it will crack the 
piston. In some piston pins there is a slight shoulder and if driven 


out from the large end will burr up the connecting-rod bushing. 


The Lubrication System. 

Now that the engine is completely disassembled, the lubricating 
system can be examined. The engine is lubricated by an oscillating 
cylinder and plunger pump which is driven by a pinion on the 
shaft of the pump and the gear on the thrust bearing cover or cage. 
Let us first trace the oiling system from the tube placed on the 
main bearing plate. ‘The oil is forced into the union on the main 
bearing plate through a copper pipe from the pump, conducted 
into the aluminum oil tube that is placed inside the crank shaft. 
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The ball bearings in the thrust bearing cover are oiled through a 
small drilled hole in the crank shaft. The oil next passes to the 
main load bearing and up through the crank shaft web. From the 
end of the aluminum oil retainer a pipe conducts the oil to the 
cylinders. The oil is forced through the crank pin, in which a hole 
is drilled to allow the oil to lubricate the connecting rod thrust 
block and connecting rod feet, then through the short end crank 
web in which a small hole is drilled so that the oil can lubricate the 
cam boss bearings and a false nose bearing. A small curved tube 
from short end crank web carries oil to the cams and cam rollers. 
The oil pump is a very simple one to take to pieces. All that is 
necessary is to remove the small screws from the cover. In this pump 
the oil is drawn into the cylinder by the receding plunger from a 
recess in the pump cover, and when the cylinder moves and the two 
holes register with one another, then the plunger returns and forces 
the oil through the copper pipe to the connection on the main bear- 
ing plate. The oscillating cylinder is kept in close contact by a 
spring and is driven by a worm and gear. The pump is filled from 
a tank from which the oil flows into the bottom of the pump. A 
sight feed is also connected to the pump. When a pulsating move- 
ment is seen in the tube it indicates that the pump is working; a 
definite number of pulsations giving the number of revolutions of 
the engine, the number of strokes being proportionate to the revolu- 
tions. The plug in the top of the pump should be removed so that 
any air may be expelled before starting up the engine; and if the 
pulsations do not start in the sight feed glass as soon as the engine 
starts, it should be stopped and the oiling system examined for the 
trouble. It may be that the oil pipe to the glass is empty. This 
should be filled and then the engine may be started again and tried. 


3. THE REASSEMBLY OF THE °0-HORSEPOWER LERHONE MOTOR. 


Cleaning Parts. 

Before reassembling is started every part of the engine should be 
thoroughly cleaned and inspected, all oil pipes and conductors 

cleaned out with a squirt gun, pistons cleaned of carbon and polished, 
and if the valves have been ground, especial attention should be paid 
to them so that no grinding compound is left inside cylinder heads 
or around the seats of the valves. All sharp edges should be stoned 
or filed down on all parts, and each part should be thoroughly 
washed in gasoline and allowed to dry without touching them with 
a rag, so that no lint or threads will stick to the different parts. As 
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each part is replaced in the engine it should be thoroughly lubri- 
eated and covered with oil, particular attention being paid in this 
respect to ball bearings. | ) 

Replacing Thrust Bearings. | 

- Starting with the thrust bearings and cover, if the bearings have 
been removed from cover, reassemble strictly in the following man- 
ner: Fit the double thrust bearings into the thrust cover, secure 
them by the retaining nut, and replace grub screw. Note that the 
radius on the bore of the thrust bearing is toward the crank case. 
Insert the thrust cage ball bearing in the outer end of the case; fit 
distributor boss and distributor with great care over it into its 
recess. Then fit gear and tighten all the nuts down equally that 
are immediately behind this drive gear, and then attach complete 
thrust-bearing cover or cage to crank case. If the main load bear- 
ing has been removed, replace it on the crank shaft, making it secure 
with the four flat-headed screws. Then put this assembly back into 
erank case. Replace oil tube in crank-shaft web. In replacing this 
oil pipe great care should be used to see that it is tight in its housing 
at the end of the aluminum oil conductor, for if it is driven too far 
in, this tube will cut off the oil supply altogether. If this oil pipe 
is not tight some means must be taken to make it so. 

Attaching Connecting Rod Thrust Block Bearing. 

After replacing piston on connecting rods we are ready to attach 
the connecting rod thrust block bearing. When replacing the pistons 
into the engine be sure that the side of the piston that is cut away 
is placed toward the trailing edge of the cylinder. Replace rear 
half connecting rod thrust block bearing onto crank pin and as- 
semble the connecting rods in this half, starting at No. 1 and finish- 
ing at either No. 8 or No. 9. Then attach the front half of the 
thrust block bearing. While doing this, place in two of the screws 
so that the holes will line up properly. Replace the rest of the 
screws and tighten down evenly all around, care being taken that 
the pistons do not hang or hit against the connecting rods in re- 
placing them. 

Check Tappet Clearance. 

Before replacing the cylinders on the crank case the initial clear- 
ance between the valve stems and rocker arms should be checked up. 
This clearance should be 0.066 of an inch on both valves, and the 
method to. find this is as follows: The end of the rocker arm should 
touch the valve which is not being set. For instance, if the student 
is measuring the distance between the exhaust valve stem and rocker 
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arm, then the rocker arm should be touching the intake valve, or 
vice versa. The rocker arm should lightly touch the valve stem. If 
the clearance is not 0.066 of an inch, then the valve stem should be 
filed until this clearance is obtained. The cylinders can now be 
screwed back into the crank case in their proper positions. 

Replacing Small End Crank. fobs 

The small end crank with the front connecting rod thrust block 
ball bearing is the next part to be attached, care being taken that 
the nut is properly locked in position with the T-shaped locking 
piece and screw. Next place the cam roller rocker arms into the 
recess in the crank case in their proper position without the fulcrum 
pins and then place the cam pack on the eccentric part of the small 
end crank. In placing the cams in the case a mark “O” will be 
found on the front or exhaust cam. This mark should line up with 
the center line of cylinder No. 1. The rocker arms now should be 
properly placed with their fulcrum pins through. 

Adjusting Cylinders. 

The false nose piece to which the gear is attached should next be 
placed on the crank case, making sure that the marks on the two 
gears coincide. Next turn engine over on the stand; replace the 
keys in crank shaft. Care should be taken to see that the keys in 
the shaft are bottoming squarely in the key way. If they are not, 
when the engine is put into the main bearing plate it will cock the 
shaft and the engine will not revolve freely. Place engine in main 
bearing plate with lock ring immediately behind plate, securely 
tightened down, using a spanner wrench to do this. Now that the 
engine is back in the test stand again, screw in and adjust the cyl- 
inders to their proper distance in the crank case, using the gauge or 
the distance which is 102 inch full. This is measured, as already 
stated, from the upper edge of the bevel to center of valve rocker 
arm shaft. Tighten the cylinder lock ring with the proper spanner 
wrench. Now screw in the push rods into the push-rod eyes and 
slip in the clevis pins in the valve rocker arms. 


‘Timing the Valves. | 

The engine is now ready to have the valves timed. By the length- 
ening or shortening of the push rods the timing of the valves can be 
altered. The intake valve should open at 18° past top center and 
close at 38° past bottom center. The exhaust valve opens at 42° 
before bottom center and closes at 5° after top center. Centrifugal . 
force having a great ‘deal to do with the action of the valves, a force 
similar to this should be used while timing these valves. That means 
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to say that the push rod should be held outward with the hand while 
finding the valve positions of operation. Turn the engine around, 
watch the exhaust valve close and adjust the rod so that the valve 
closes at the right number of degrees, not forgetting to exert the force 
already mentioned. Now, let go of the push rod and the intake 
valve should,open mechanically at 18° past top dead center. This is 
an important operation and is more important than the closing of the 
intake valve. The opening of the exhaust valve is the more impor- 
tant of the two exhaust-valve operations. The student should try to 
get all the operations of the valves as near as possible to the right 
number of degrees, but if any preference is to be given to the opera- 
tion of the valves, it must be given to the intake opening and exhaust 
opening. It will be remembered that the initial clearance is 0.066 of 
an inch, and with this the student should be able to rock the engine 
from 90° before top center on compression stroke to 90° after top 
center on power stroke without the rocker arm touching either valve 
when force is exerted in their direction on the rocker arm. As a 
proof of the foregoing the valves should show 0.047 of an inch on the 
intake valve and 0.039 of an inch on the exhaust valve when cylinder 
is vertically upward on top of compression stroke. To get this the 
push rod with the rocker arm should be moved to the farthest extent 
in the direction of the stem of the valve which is not being measured. 
Timing Magneto. 

The timing of the magneto is the next operation. The ignition 
takes place 26° before top center. Turn engine over until the cyl- 
inder to be timed is at the given number of degrees. Turn the mag- 
neto until the points are just breaking and mesh gears. The oil 
pump can next be installed and when the carburetor is placed on the 
end of the crank shaft the reassembly is complete after the propeller 
nose has been attached. | 

There is no shellac whatever used in the assembly of the rotary 
engine. | : 


4. THE DISASSEMBLY OF THE 110-HORSEPOWER LERHONE 
MOTOR. 

Similarity of LeRhone Types. 

sats Bi 110-horsepower LeRhone engine is built on the same lines as 
the 80-horsepower American engine except for one point, namely, the 
cam pack, which is placed at the rear of the engine instead of at the 
front. Therefore, the method of disassembly is the same except of 
this one feature. The cam pack is almost the last part to be dis- 
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mantled. The same care and attention must be paid to details dur- 
ing the dismantling as in the 80-horsepower engine. 
Obtaining Access to Cam Pack and Crank Shaft. 

We will assume that the engine has been taken apart and is out of 
the test stand on the shipping stand, with the front downward, ready 
for the thrust-bearing cover to be removed. To remove this cover, 
first take out the keys in the crank shaft and then remove the nuts 
from behind the magneto and pump-drive gear, and take away the 
gear. This will give free access to the lock nut that holds the cover 
in place. Then remove the nut and pull the cover off with the special 
puller made for this purpose, having already removed the nuts that 
hold the cover to the crank case. This will expose the cam pack as 
well as the roller-rocker arms and crank shaft. 

Removing Valve Operating Apparatus. 

Turn up the crank case and tap out the fulcrum pins with a soft 
steel punch and hammer, using light taps. Put the engine back in po- 
sition and push back the rocker arms into the recess in the crank case. 
The cams can now be taken off the shaft and out of the. crank case. 
Now, take out the arms and then the shaft may be removed. 


Examination of Thrust Bearings. 

The thrust bearings can be taken out of the cover after the retain- 
ing nut has been removed, but on this engine this should not be done 
unless repairs are to be made. ‘They should, however, be examined 
thoroughly. 


The Oiling System. 

The lubrication system is almost the same as the 80-horsepower 
engine except, that in this engine there are two oil leads inside the 
crank shaft. One tales care of the oiling of the thrust bearings, the 
other follows the same path as in the 80-horsepower engine. The oil 
pump is exactly the same in both engines. 


; 


The Valve Clearance. 

The initial valve clearance is 0.066 of an inch and is measured as on 
the 80-horsepower engine. Also, the same condition should exist 
with this clearance with regard to the rocking of the engine as on 
the 80-horsepower on the top dead center of the compression stroke. 
Valve Timing. 

The valve timing is as follows: 

(a) Inlet valve opens, 18° after T. C. ~ = 
(b) Inlet valve closes, 35° after B. C. 

(c) Exhaust valve opens, 55° before B. C. 

(d) Exhaust valve closes, 5° after T. ©. 


32 ROTARY ENGINES: 


The same system can be used as in timing the 80-horsepower with 
regard to the basic number of degrees and positions of cylinders: 
The valve action itself is somewhat different from the 80-horsepower, 
as centrifugal force has a great deal more to do with the operation 
of the valves, but the same action is used in timing the valves. As 
in the 80-horsepower, the opening of the exhaust is the most im- 
portant valve action. But in this engine centrifugal force opens the 
valves in advance of the point controlled by mechanical action. The 
closing of the inlet valve is also brought about by centrifugal force, 
but the other valve actions are mechanically controlled. In timing 
the valves both the mechanical and centrifugal actions should be 
checked by the student. The ignition takes place at 26° before top 
center, and the timing is done in the same manner as on the 80- 
horsepower engine. 


5. THE REASSEMBLY OF THE 110-HORSEPOWER LERHONE 
MOTOR. 


Steps of Assembly. 

To reassemble, first assemble all parts that have been taken apart 
and then proceed as follows: Place the rocker arms back in the 
recess In the crank case without the fulcrum pins. The cam pack is 
next to be put into position, care being taken to see that the “O” on 
the pack is directly under the cylinder hole in which No. 1 is to be 
placed. Next put in the rocker arm fulerum pins, then turn up the 
case, taking care that the pack does not fall around in its place, and 
next slide the crank shaft into place. The nuts that hold the cover 
on the crank case should never be put on and tightened down until 
the student feels that the cover is solidly in position, otherwise the 
cover will be. distorted. On the cover will be found a mark that 
should correspond with the center line of No. 1 cylinder. If this is 
correct, gears will mesh properly. 

Next screw the lock nut on to the crank shaft, then place the gear 
on the studs on the cover and tighten down the nuts. When placing 
the distributor on the cover, be sure that the small dowel is properly 
lined up before tightening down the nuts behind the gear. 

From this point on, the assembly is exactly the same as the order 
of assembly for the 80-horsepower LeRhone, and the same precau- 
tions should be taken. 



































FIG. 6.—CRANK CASE, SHOWING APERTURES TO ACCOMMODATE THE 


NINE CYLINDERS. 


CHAPTER IIL. 
THE GNOME MONOSOUPAPE ENGINE. 


1. GENERAL PRINCIPLES. 
Generat Description. 

This engine is of the Hopes air-cooled ae with nine cylinders, 110 
mm. by 150 mm., developing 100 horsepower at 1,200 revolutions per 
minute. As the name of the engine implies, it tae only 1 valve per 
cylinder, and this is situated in the cylinder head. It is fitted with 
a double-thrust ball race, which enables it to be used either as a 
pusher or as a tractor. The engine works on the Otto or 4-stroke 
cycle, 2 revolutions of the engine giving 1 cycle (4 strokes) in each 
cylinder. Its chief points of difference from other rotary engines 
are: | 
(a) Absence of carburetor. 

_ (6) No inlet valves. 

_. (¢) Inlet ports in cylinder walls. 

(d) Nonexplosive mixture in the crank case. 

The engine revolves in the anticlockwise direction as seen from the 
propeller end of the engine. As in the case of all rotary engines, 
it is made chiefly of steel for strength and lightness. The angle 
through which the engine turns between any two consecutive ex- 


_plosions is 80°. 


Approximate oil consumption, 2? gallons per we 
' Approximate petrol consumption, 10 gallons per hour. 
Approximate weight of engine, 800 pounds, 1. e., 8 pounds per 
horsepower. 
Crank Shaft. | 
_ The crank shaft is made of chrome nickel steel. It is hollow and 
in two parts, a long end and a short end. As in all single-line rotary 
engines, it has one throw. It is stationary and serves the following 
purposes: 

(a) It provides a means of attaching the engine to the airplane. 

(0) It conveys oil to the working parts. 

(¢c) It conveys petrol to the crank case. 

(d@) It provides, in the crank pin, the fixed point against which 
the force of the explosion exerts itself in turning the 
engine. 

33 
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Crank Case. 

The crank case is made of two steel stampings bolted together by 
steel bolts and centered by dowel pins. It has nine apertures dis- 
posed symmetrically around its periphery to accomodate the nine 
cylinders, each of which is gripped tightly by the two parts of the 
crank case and is prevented from turning by a small key. It is 
not directly supported on the crank shaft, but carries on its faces 
plates or covers, known respectively as the cam box and the thrust 
box. The thrust box contains the main ball race and a self-aligning 
double thrust race. The cam box contains the planet gears and the 
cam pack which actuates the exhaust valves, and one radial ball 
race. ‘I'he nose piece which earries the propeller is mounted on the 
cam box. 

Cylinders. 

The cylinders are numbered 1 to 9 consecutively in a clockwise 
direction as seen from the propeller end of the engine. The order 
of firing is 1, 3, 5, 7, 9, 2, 4, 6, 8. They are made of nickel steel 
machined from the solid and each has an exhaust valve in the head 
and a series of inlet ports around the base. The key referred to 
above is fitted between two shoulders which are turned around the 
base of the cylinder. These together act as a means of fixing the 
cylinder in the crank case. . 

Pistons. 

The pistons are of cast iron with slightly concave heads. A por- 
tion of the trailing edge is cut away to allow the piston in the 
adjoining cylinder to clear. Each piston is fitted with an obturator 
ring mM a groove around its top. A packing ring is fitted behind 
the obturator ring and in the same groove. A wipe ring which is 
made of cast iron is also fitted in a groove situated just below the 
obturator ring. The piston is fastened to its connecting rod by 
means of a hollow steel gudgeon pin fixed in lugs on the underside 
of the piston head by means of a tapered set screw. 

- Piston clearance, 0.2 mm. | 
Wipe ring gap, 0.5 mm. 
Obturator ring gap, 1 mm. 
Packing ring gap, 2 to 4 mm. 
Connecting Rods. 

The connecting rods are made of special alloy steel. There is 1 
master connecting rod, to which the 8 auxiliary connecting rods are 
attached by means of wrist pins. All.the rods are of H-section and 











FIG: 7:—CROSS SECTION OF 80-HORSEPOWER GNOME MOOR: 
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FIG. 8&—SHOWING CROSS SECTION OF 100-HORSEPOWER GNOME MOTOR. 
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FIG. 9—C ROSS SECTION OF CYLINDER. 
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the auxiliary rods are bushed at both ends with phosphor- -bronze 
bushes. The master connecting rod big end runs on 2 ball bearings; 
its small end is bushed with phosphor-bronze. In some engines a 
light steel pipe is fitted to each connecting rod and this conveys oil 
from the big end to the gudgeon pin. : 
Valves. 

The single valve in the cylinder head performs the following func- 

tions: 7 
(a) It acts as an exhaust valve. While so doing its tempera- 
ture is raised. e 
(®) It admits to the cylinder a quantity of air sufficient for 
combustion of the charge entering later through the 
ports at the base of the egtinden During this pee 
of the eyele it is cooled. 

The valve is mounted in a steel cage which also carries the rocker 
arm fulcrum pin, and is mechanically operated by means of a 
hollow steel tappet rod and steel rocker arm. The valve stem slides 
in a cast iron bush at the center of the cage which is held in posi- 
tion by means of a locking ring screwed into the cylinder head. 
The valve is made heavier than is necessary for mechanical strength 
and is of such weight as to balance the centrifugal action of the 
tappet rod which would otherwise tend to keep the valve open. 
The valve spring consists of a looped wire, the looped end of which 
engages the fulcrum post and the midlength part of which is coiled 
around the fulerum of the rocker arm.. The free ends of the looped 
wire bear underneath a cross pin passing through the valve stem. 
In later type engines the valve spring is made spiral and encircles 
the valve stem, taking its bearing against the valve cage and a 
detachable collar on fhe valve stem. The valves are operated by the 

cam pack which consists of nine cams keyed to a bronze-bushed 
sleeve rotating on the small end of the crank shaft. The cams 
operate the tappet rods which work the overhead rocker arms. Each 
tappet rod is formed of a tappet and a rod jointed together. The 
tappet works in a guide in the cam box, and at its inner end 1s a 
roller which bears against the cam. The tappet rod extends from 
the joint to the rocker arm of the exhaust valve, and is adjustable. 
The cam pack is driven at half the engine speed by planet gears, 
which are fitted on the inner face of the cover of the cam box. It 
must be remembered that the engine is running at twice the speed 
of the cam pack, so that the rollers at the bases of the tappet rods 
are overtaking the cam pack the whole time. This causes the tappet 
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rods to be lifted as they pass over the cams and to thereby open 
the valves. The clearance between the rocker arm and the bottom 
of the slot in the valve stem, when the tappet roller is at the bottom 
of the cam, should be as follows: : 
Engine cold, 0.5 mm. 
In later type engines the rocker arm engages the valve stem -by 
means of a roller which bears against the end of the stem. 


Cycle of Operations. 


Starting with any cylinder on top center and the exhaust valve 
open, the cylinder moves forward drawing in pure air through the 
open exhaust valve until it is 45° before bottom center, at which 
point the exhaust valve closes. The cylinder then moves for- 
ward, creating a partial vacuum until it is 20° before bottom center. 
At this point the ports in the base of the cylinder are uncoy- 
ered by the piston and rich petrol vapor enters from the crank case, 
mixing with the air already there and forming an explosive charge. 
At 20° past bottom center the ports are again covered by the pis- 
ton and the cylinder moves around to top center. on compression 
stroke. Ignition occurs 20° before top center and the cylinder 
moves forward on the power stroke until it is 90° past top center 
when the exhaust valve opens and remains open through the re- 
mainder of the cycle. | 


Admission of pure Cee ee ee ee ee ee 0° to 185° 
EATHAL: VaCuum.._.-- 0. oe ea 135°. to 155° 
Admission: ‘Of. rich gas_...._._.______.______-_____ + 155° to 200° . ; 
S 3 o ps revolutions. 
COUCHENY SR ZekS 5} (0) «Ra ea 200° to 860 Pee 
POWer Slt Oke. = oo 0° to 90° 
Hxhaust S)o 50 eee eee ae Sree eee eee awe 90° to 360° 


Valve Timing. 
Set any cylinder, for example No. 1, in exhaust closing position, 

1. €., 60° before bottom center.. To get this position set No. 4 cylinder 
vertically upright. Set the tappet rod clearance, and turn the cam 
pack anticlockwise until the cam is just about to lift the tappet rod. 
Then mesh the planet gears. Set the remaining tappet rod clear- 

ances and check the valve closing positions for each cylinder, i. e., 60° 
before bottom center. These instructions refer to a cold engine. The 
diagram refers to the actual cycle of operations when the engine is 
hot. — 
Ignition Timing. : 

Set any cylinder, for example, No. 1, in ignition position, i. e., 20° 
before top center on compression stroke. To get this position set 
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No. 5 cylinder vertically downwards. Turn the magneto so that the 
points are just breaking and mesh the magneto driving gear. Wire 
the distributor to the plugs. The timing of the engine is then com- 
pleted. 


Magneto. 

The magneto is mounted on the face of the back plate remote from 
the engine. Its driving spindle projects through the back plate and 
carries a small spur wheel which is driven by a large wheel keyed 
to the thrust box casing. The gear ratio is 4 to 9, i. e., the magneto 
armature makes 9 revolutions to 4 of the engine, and as the mag- 
neto gives 2 sparks per revolution there will be 9 sparks in two revo- 
lutions of the engine, during which period each cylinder will have 
completed one cycle. The current 1s conveyed from the magneto in 
the following manner: | 

From the magneto the current passes by a high tension wire to 
an insulated brush holder fitted on the back plate. A sensitive 
spring keeps a carbon brush in the brush holder in contact with the 
distributor which is mounted on the outside of the thrust box. The 
current is then taken from the segments on the distributor to the 
sparking plugs through thin brass wires. The distributor revolves 
with the engine, and its function is to ensure that the current gener- 
ated by the magneto reaches the cylinders in proper sequence. 


Carburetion. 

In the carburetion system of this engine, petrol 1s pressure fed 
from a tank through a main petrol tap and a fine adjustment valve 
into a copper pipe within the crankshaft. From a jet situated in 
the hollow big end of the crank shaft, the petrol issues into the 
crank case. Air is drawn in through the open big end of the crank 
shaft, the small end of which is closed with a gun metal plug. A 
forced draught is induced into the large end of the crank shaft 
through-a funnel-shaped intake, the mouth of which faces in the di- 
rection of flight. This applies equally to tractor and pusher in- 
stallations. The vaporization is further assisted by the churning 
action of the connecting rods and the heat of the engine. The gas 
‘sg drawn from the crank case through ports in the base of the cyl- 
inders when these ports are uncovered by the piston towards the 
end of. the suction stroke. 


Lubrication. . ; | 


This is by pressure and centrifugal force combined. There are 
two leads, “C” and “ B,” equal in size. 


38 ROTARY ENGINES. 


“C” lead: The oil is pressure fed from the pump into a copper 
pipe inside the crank shaft, and about one-third flows through a 
branch into the thrust box, oiling the thrust ball race and main 
engine ball race. The surplus oil overflows into the crank case 
through holes drilled for this purpose, and passes on to the cylinder 
walls through the ports in the base of the cylinder. The main sup- 
ply of oil passes up the big crank web through a hollow plug in 
the center of the hollow crank pin, down the short end crank web . 
into the hollow short end of the crank shaft, from whence it is 
conveyed by a series of holes to the cam pack. The oil then passes 
through grooves in between the cams and is thrown centrifugally 
over the interior of the cam box, lubricating the cams, cam rollers, 
tappets, planet gear wheels, and the cam box and nose piece ball 
races. The oil then overflows back into the crank case and passes 
on to the cylinder walls as in the case of the overflow from the 
thrust box. Some of the oil also passes along the hollow tappet 
rods.to the rocker arm pins. 

“B” lead: The oil is pressure fed from the pump into a second 
copper wire pipe inside the crank shaft, and flows up inside the long 
end crank web into an annular space around the brass plug in the 
Jong end crank pin and out of holes in its balls to two grooves or 
channels cut in the ends of the bore of the master connecting rod 
big end. Holes are drilled from these grooves to each wrist pin 
and the wrist pins are drilled to correspond with these holes, so that 
the oil may pass through to lubricate the wrist pin bushes. From 
these the oil passes into steel tubes (which are fixed to the connect- 
ing rods) and along the tubes, oiling the gudgeon pins and bushes. 
In later type engines, the steel tubes are dispensed with, and the 
oil passes along the face of the connecting rods to the gudgeon pins 
and bushes. The overflow from the gudgeon pins passes through 
holes in the side of the pistons, and lubricates the rings and the 
_ ¢eylinder walls. The surplus oil is blown out through the exhaust 
valve and lubricates the exhaust valve guide and stem. 


_ Pulsators. 


Branches are taken from the “B” and “C” oil supply pipes 
before they enter the crank shaft, and these lead to the pulsator 
glasses, the purpose of which is to show whether the oil pump is 
working properly. The number of pulsations per minute is also 
a measure of the engine speed which may be calculated as follows: 


- Revolutions per minute of engine — pulsations per minute X 11.1. 
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FIG. 10.—OUTLINE OF LUBRICATION SYSTEM IN GNOME MOTOR, 








“A. Thrust Ball, Bearing. 
D Main Engine Ball. Bearing. 
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FIG. 11.—CROSS SECTION OF MOTOR, SHOWING BALL BEARINGS AND 
LUBRICATING SYSTEM. 
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A. Thrust ball bearing; D, main engine ball bearing; E, big end ball bearings; 
F, cambox ball bearing; G, nosepiece ball bearing. 


FIG. 12.—CROSS SECTION OF GNOME MOTOR SHOWING BALL BEARINGS. 
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Pressure Pump. 

The pump for forcing air into the petrol tank to obtain a pres- 
sure feed is of the reciprocating two-stroke type. The pump 1s 
composed of a casing forming a crank case in which is mounted 
a small crank shaft and a worm and worm wheel drive, and a 
cylinder in which is mounted a piston fitted with piston rings and 
connected to the crank pin by a connecting rod. The worm drive 
is geared 12 to 1 of the crank shaft, and 9 to 4 of the engine; 5.3 
‘revolutions of the engine therefore give 1 delivery of air. The 
cylinder is formed with cooling fins and has automatic nonreturn 
inlet and exhaust valves in its head. On the down stroke of the 
piston, air is sucked into the cylinder past the inlet valve, and on the 
upstroke of the piston the air in the cylinder is compressed and 
forced past the exhaust valve which has a nipple connected by tub- 
ing to the petrol tank. The pressure pump is mounted on the 
engine back plate between the oil pump and the magneto and below 
the engine crank shaft and is driven from the same large wheel 


Oil Pump. 

The oil pump is similar to that used on the Gnome engine, except- 
ing that the bore of the two pump barrels is the same, 12 mm. The 
worm drive is geared 25 to 1 of the pump cam shaft, and 9 to 4 of 
the engine. The oil pump is mounted on the engine back plate oppo- 
site to the magneto and is driven from the same large wheel. 


2. DISASSEMBLY. 
Mounting in Ship. 

In the Monosoupape engine, which is of the rotary type, as stated 
before, the methods of disassembly, precautions to be taken, etc., 
vary greatly from the stationary types. The peculiar design, the 
crank shaft being stationary, and the cylinders revolving, necessitates 
a mounting different from that of the stationary engine in the air- 
plane. The usual method of mounting of this engine is by the use 
of two plates. The front one is known as the main bearer plate, as 
it practically supports the engine and receives its thrust; and the 
rear one is known as the centralizing plate, its function being to 
maintain the alignment of the crank shaft. These two plates are 
permanently attached to the ship, and should not be removed for the 
overhaul of the engine. On account of the inaccessibility of the dif- 


ferent parts, a general overhaul requires the removal of the engine | 


from the ship to a specially designed test stand, on’ which are mounted 
the necessary main bearer plate and centralizing plate. 


saris 
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The routine of the following operations in which specially designed 
tools are employed must be strictly adhered to, both as to application 
and use, as the engine is so designed for extreme lightness that unless 
the greatest care is exercised parts may be permanently strained or 
injured. Every annular ball bearing is a pressed fit. This fact 
necessitates a special tool both to press it home and to withdraw it. 
In cases in which assemblies are withdrawn, care must be exercised 
that the pressure on them is evenly distributed. 

One of the greatest enemies of this engine is dust and dirt and 
other kinds of foreign matter. The cleaning operations following 
should be strictly adhered to. It has been found that washing the 
motor upon disassembly does not get it absolutely clean, and so to 
get the best results each part should be rewashed or flushed just be- 
fore reassembly. Bearings or pins being replaced should be covered 
with castor oil. 


Removing Engine From Ship. 

To remove engine from ship, the mechanic should proceed by first 
removing propeller. To remove the lock wire insert a small screw- 
driver under the exposed end and lift up and away from the nut. 
The wire can then be removed by withdrawing the locking end from 
the hole. The propeller nut and lock nut can be used as a puller for 
the propeller in the following manner. With the special double end 
propeller hub wrench unscrew lock nut (largest) about two turns to 
the left. Apply the other end of the wrench to the inner nut (small- 
est); turn to the left. Considerable pressure will now draw hub - 
from the tapered nose piece. In the event the propeller does not 
need to be taken off the nose piece for checking purposes, the above 
operation can be simplified greatly. Unscrew the six nuts which hold 
the nose piece to the front cover. Remove the propeller and nose 
piece together. The outer engine covering can then be removed. The 
usual method of attaching this piece to the fuselage is with spring 
clasps. | 


Removal of Magneto. | 

The next procedure will be removing the magneto. After high 
tension and ground wires have been loosened, unscrew the three 
mounting screws and remove the back-fire tubes. With a special 
spanner wrench unscrew the cam shaft lock ring nuts, both in back. 
of main bearer plate and centralizing plate. Apply engine puller No. 
4566 to the crank shaft. The main bearer plate is fitted with two re-. 
cesses to receive the puller ends. The puller screw is now adjusted 
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so that pressure is brought to bear against the shaft. If the crank ~ 


shaft does not loosen with considerable pressure, a few taps with a 
hammer on the end of the puller screw will help. The engine can 
now be mounted in special test stand or assembly stand, which is 
fitted with two bearer plates corresponding to those in the fuselage. 
The lock ring should be screwed on the end of the crank shaft to pre- 
vent it from slipping out. The engine mounted in this way can be 
rotated, and is accessible for disassembly, assembly, timing, etc. 


Arrange Parts in Numerical Order. 

The brass ignition wires should be loosened from the spark plugs, 
and coiled loosely on distributor. The spark plugs can then be re- 
moved, using socket and spanner wrenches. Care should be exer- 
cised not to damage the fins on the cylinders. The plugs should be 
carefully washed in gasoline and set aside. It is well when disas- 
sembling the engine to arrange the parts in numerical order on the 
assembly bench. Every part of the engine is numbered, using the 
cylinder as a unit basis. By keeping the parts for each cylinder 
together the assembly is much expedited and made easier. 


Taking Off Valves. 

Select any cylinder in which the valve is closed and remove the 
circlip at the cup end of the tappet rod. This can be done with a 
small pair of nose pliers, simply squeezing the circlip together and 
lifting it out of its recess. The tappet rod can then be lifted off the 
ball end of the tappet. Now the castellated nut holding the valve 
cage in the cylinder can be removed by placing the double end span- 
ner wrench No. 4525 on it, turning to the left and unscrewing. Re- 
peat these two operations until all valves have been removed. 


Removal of Front Cover. 

To remove the lock wire on the umbrella nut, a smail screw driver 
should be inserted under exposed end and lifted up and away from 
nut, and withdrawing wire from the hole. Using special spanner 
wrench No. 4521 the umbrella nut holding the ball race in the front 
cover may be unscrewed. All the bolts holding the front cover on to 
the valve gear can be removed with the small double end spanner 
wrench: No. 4527. Now special puller No. 4555 should be applied 
to the six studs which carry the nose piece, and the three nuts to hold 
it in position put on. The puller screw may now be tightened. Care 
should be taken to see that the pad has centered itself in the crank 
shaft. The cover should come away with very little pressure. 
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Removing Crank Shaft Gear. 


Now the puller may be removed from the front cover and the 
ball race driven out with steel drift punch. This operation should 
be carried out by one man who holds the cover in suspension while 
another drives out the bearing. With special gear puller No. 5000 
remove the crank shaft gear. The puller is so designed that by 
removing the outer collar the two sections split in half. These two 
sections can now be placed over gear and collar replaced. By turn- 
ing the screw to the left pressure is brought to bear against the 
shaft, pulling the gear. 


Removal of Cam Pack and Gear Case. 


The cam pack may now be removed. This can be done by giving 
it @ screwing motion, turning it around so that the cams clear the 
tappet rollers. Replace special puller No. 4555 on front cover, then 
replace front cover on cam gear case. Replace about six front cover 
bolts. Remove all of the cam gear case nuts and washers with 14- 
millimeter socket wrench. The cam gear case can now be pulled 
by turning puller screw. Care should be taken that pressure is 
evenly distributed. If any difficulty is experienced in pulling the 
case a few slight taps with a rawhide or rubber mallet will help. 
Withdrawing Short End Crank Shaft. 


The short end of the crank shaft is fitted onto the crank shaft 
long end on a taper which is drawn up with a hexagon nut. This 
nut is secured by a special lock. Take out locking screw with a 
large screw driver, and take off nut with special wrench No. 4527, 
observing markings on both nut and shaft so that when nut is re- 
placed it will be brought back to the same position. Apply with- 
drawing dog No. 4535 to short end of cam shaft. Make sure that 
the pad is centralized, and that jaws are bearing on the master 
rod and not on the bearing. Tighten the puller screw, making sure 
that the bearing is coming away with the shaft. The cam gear case 
bearing can now be driven off with steel punch and hammer. 
Removing Piston and Connecting Rods. 

Turn the engine so that any one cylinder is horizontal. Remove 
the brass screw in that particular wrist pin and apply puller No. 
4543. The puller is designed with a slot to accommodate the dowel 
pin in the wrist pin when withdrawing. Tighten the hexagon nut 
to withdraw the wrist pin. Rotate the engine so that the cylinder 
from which the wrist pin has been removed is at the bottom in a 
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vertical position, at the same time retaining hold of the connecting 
rod, so that the piston will not drop to the bottom of the cylinder 
and very seriously damage the obturator ring. By turning the 
connecting rod to the front, the piston can be lifted out. Great care 
should also be exercised in withdrawing the piston to see that the 
skirt is not brought in contact with the connecting rods. The skirt 
is very thin and is easily broken. As soon as piston has been with- 
drawn, remove obturator ring by lifting one end out of its slot and 
gradually withdrawing the lower edge, at the same time lifting it 
over the top of the piston head. Remove cotter pin in the gudgeon 
pin locking screw, and unloosen it with socket wrench. The gudgeon 
pin may now be driven out from the solid end. Replace the brass 
screw in wrist pin. The number on the brass screw marks the wrist 
pin. Repeat this operation until all pistons and connection rods 
have been removed, excepting No. 1, which is the master rod. 
Removal of Master Rod. 

Remove all of the nuts holding the crank case to the thrust cover 
before attempting to pull the cylinders. Place the special puller 
No. 4536 upon the master-rod hub, so that the screw pad bears upon 
the edge of the crank shaft. Tighten the screw which withdraws the 
master rod from the crank shaft, at the same time supporting the 
cylinders by helpers. Where master rod is free of crank shaft, the 
cylinders and master rod may be lifted off together, placing them on 
the specially prepared wooden stand. The master rod can now be 
withdrawn from the cylinders. The obturator ring on the piston of 
the master rod should be removed in the same manner as the other 
pistons, and the piston removed. 

Unscrew the lock ring nut from crank shaft. Apply special engine 
puller No. 4566 to main bearer plates in the same manner as where 
the engine was pulled from plane. Lift complete assembly out of 
main bearer plates very carefully and place same, crank shaft up, 
upon crank case and cylinder assembly. This method provides a 
way of holding the thrust cover assembly during a number of dis- 
assembly operations. 

Removing Timing Gear and Distributor. 

With the special spanner wrench No. 4528, loosen the lock ring 
on the timing gear about one turn to the left. With the heavy gear 
spanner wrench No. 4531, which engages between two teeth of the 
gear, unscrew the timing gear; remove both lock ring and gear. The 
distributor can now be lifted off. Caution: Do not try to drive or 
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exert unequal pressure on the distributor as it is made of Bakelite 
and 1s easily cracked. Very slight taps with a small rubber mallet 
will help this removal.: 


Removing Thrust Cover. 


The thrust cover and crank shaft should now be lifted off of the 
crank case and the flat sides of the crank shaft gripped securely in a 
vise. Caution: Whenever using a vise for holding any part of this 
engine, make sure that the jaws are protected with brass or some 
other soft metal. Loosen the screw, which holds lock plate in line 
with the key in the crank shaft, about two turns, or enough so that 
lock plate may be lifted away from shaft far enough to clear crank 
shaft key when unscrewing lock ring nut. The reason for this is 
that the lock plate may be screwed in any one of the eight recesses 
in the lock ring, but when reassembling, if the lock plate is left in 
the lock ring nut, the correct tension to be given the nut can readily 
be seen. The steel dust ring will then be free and can be lifted out. 
Remove leather washer from timing gear and shp it over special 
puller No. 4588. Centralize the bearing pad on the end of the crank 
shaft and screw the gear about four or five turns into the thrust cover. 
This method will withdraw the thrust cover from the crank shaft. 
When applying pressure to the screw be sure that it is evenly dis- 
tributed to the arms of the puller. Caution: This operation forces 
the crank shaft through both ball races and distance collar; and un- 
less the crank shaft is supported by the helper from underneath it 
will drop through the hole in the tool and may cause serious damage. 
Unloosen the lock nut on the gasoline jet retaining screw. Unloosen 
the retaining screw, which simply provides a socket for gasoline jet. 
Lhe jet may now be lifted out. The main ball race may now be 
driven out of the thrust cover. For this operation use a soft steel 
punch. Radial thrust bearing may be driven out in the same man- 
ner trom the opposite end of the thrust covers Caution: Both of the 
foregoing fits are very tight and unless care is exercised in driving the 
bearing out evenly it will become cramped and cause considerable 
damage to the thrust cover. 


Cieaning Parts and Oiling System. 


One of the most important items in overhauling this engine is to 
get every part absolutely clean. The oiling system of this engine, 
relying on centrifugal force to distribute the lubricant from the crank 
shait to all bearing surfaces, cylinder walls, etc., makes it imperative 
that all oil holes, recesses, channels, etc., be free from dirt or any for- 


ROTARY ENGINES. 45 


eign matter. For the cleaning of the several parts we would suggest 
the use of a gasoline syringe. It is not advisable to use rags or waste 
as a certain amount of lint is bound to collect over the surface and 
would cause trouble when the motor has been reassembled. A bristle 
brush is very effective. 


Cleaning Cylinders. 


It is not necessary to disassemble the crank case and cylinders un- 
less one or more of the cylinders are scored. After removing any 
carbon which may have deposited on the heads of the cylinders 
by means of a scraper No. 4558, wash the cylinders thoroughly. The 
most practical method of handling this operation is by immersing 
the cylinder assembly in a gasoline bath, making free use of the 
brush and syringes. Holes such as the gas intake, oil recesses, etc., 
should be flushed very carefully with the syringe. After cylinders 
are absolutely clean, inspect the walls to see if they are scored or show 
signs of excessive wear. If such is the case, cylinders must be re- 
placed. : 

Replacing Cylinders. 

Replacing a cylinder requires expert workmanship and extreme 
caution on the part of the mechanic. When these cylinders are manu- 
factured they are brought to an absolute standard, both as to 
weight and size. The only fitting which may be necessary will be to 
fit the flanges into the recesses in the crank case. While making this 
ft the use of a mandrel on the inside of the cylinder 1s recommended. 
The walls of a cylinder at this poimt are so thin that if the flanges 
are scraped unevenly and the case clamped together the wall may be 
sprung. By using the mandrel the cylinders will be protected and 
the mechanic can readily see whether he has a perfect fit. The factory 
recommends a 0.0002 of an inch oversize fit. 


Separating the Crank Case. 

The crank case is held together by means of eight screws and 
tapered pins, which may be removed with a socket wrench, and the 
pins driven out with a punch. Atter all screws and pins have been 
removed, the crank case half'can be lifted off. If difficulty is ex- 
perienced, very light taps with a rubber mallet on the cylinders will 
help. The cylinders are held in their correct alienment with flat keys 
which are numbered corresponding to the cylinder number. The 
cylinders may now be lifted out of the crank case half. If difficulty 
is experienced in removing the cylinders, slight taps with a rubber 


mallet on the crank case will help. We now have the cylinders dis-_ 


mantled. 
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Care and Inspection of Pistons and Cylinders. 

Remove any blue spots or streaks on the outside of the cylinder 
walls with emery cloth. (Nore.—These spots usually appear at the 
bottom of the fins. Immerse all of the connecting rods and the 
master rod in the gasoline bath. Syringe the oil recesses on both 
ends. Both wrist pin and gudgeon pin bushing must have a clear- 
ance of 0.005 of an inch. Immerse all of the gudgeon pins and wrist 
pims in gasoline bath, and flush the wrist pins with syringe by re- 
moving the brass screw on one end, and forcing a spray of gasoline 
through the oil holes. Care should be taken that brass screw is 
replaced in its corresponding wrist pin. After very carefully re- 
moving both cast-iron rings and the packing ring from piston, re- 
move all traces of Garbon both on the top and under side of piston. 
The Gnome kit is supplied with special scrapers for this operation. 
Piston rings and packing rings must be very carefully washed and 
inspected. If both the underside and upper edge of the cast-iron 
ring show no great amount of wear, they may be checked up as to 
their gap and clearance. As the cylinders of this engine are tapered 
slightly we recommend the use of a gauge or die with an inside di- 
ameter of 110 millimeters, this being the only accurate way of obtain- 
ing the correct piston ring gaps. Both the obturator ring and cast- 
iron ring should have a gap of 0.018 of an inch. The packing ring 
or small steel ring should have a gap of 0.040 of an inch. The 
clearance between the underside of obturator and piston groove 
should be 0.002 of an inch. The same clearance applies to the cast- 
iron ring.) 

Inspecting Obturator Ring. 

In determining whether an obturator ring is worn too much for 
further use, the following rule should apply: Signs of wear should 
appear on the outer edge but should not extend more than a quarter 
of the face down from the top. The inner side or seat on which the 
packing ring rests should show a complete bearing surface all the 
way around. The underside of the obturator ring should show a 
complete bearing surface. If the outer edge or face of obturator 
ring shows wear on more than one-half of the face, replace it with 
anew ring. At this point it might be stated that the obturator ring 
in the Gnome engine is of the utmost importance. As it is made of 
very light material (0.6 of a millimeter gauge) any rough handling 
will distort it beyond use. When replacing the obturator ring, do 
not try to spread it over the top of the piston but insert one end very 
carefully and gradually enter the lower edge until it is entirely in 
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the groove. By this method you will not increase its size or cistort 
the all-important bearing surface. 


Cleaning Crank Case. 


Place the crank shaft in the gasoline bath and apply the syringe 
to the oil inlets, forcing the stream of gasoline through each indi- 
vidual opening, making sure that these by-passes are free from 
obstructions. The gasoline jet should also be very carefully syringed, 
dirt very frequently lodging on the inside of the jet. 

Short End Crank Shait. 

The short end crank shaft may now be washed in the gasoline 
bath. Insert syringe nozzle into oil inlet hole and force gasoline 
through the oil recesses, making sure that none are obstructed. If 
ball race shows signs of wear enough to warrant its replacement, 
it can be removed by taking off circlip which locks same and driv- 
ing it off with a soft steel punch and hammer. It can be replaced 
in the samme manner. Caution: Do not neglect to replace the circlip, 
as the disassembly of the master rod would be practically impos- 
sible if this ball race were not withdrawn with the short end shait, 
which this circlip makes possible. 

Disassembly of Valve Mechanism. 

The valve assemblies may now be taken down. Remove circlip 
which locks fulerum pin with a scriber or some other pointed tool. 
(Norn.—Although these pins are interchangeable, it is well to re- 
place them in the holes from which they were removed. We would 
suggest that only one assembly be torn down at one time. The 
tappet rod pin may be removed by taking off the circlip in the same 
manner in which the fulcrum pin was removed. Valve springs 
being of very light tension may be pressed down with thumb and 
forefinger, allowing valve key to be removed from cup. The valve 
may now be lifted out. All traces of carbon should be removed 
from both valve and valve cage. This can be done with the aid of 
a small scraper supplied in the kit, and fine emery cloth on all sur- 
faces excepting the seats. The cages, being very lightly constructed, 
frequently are distorted by heat. This will soon be discovered when 
attempting to grind in the valve, and can definitely be ascertained 
by placing the seat on face plate. If this is the case, new cages 
must be substituted. Inspect the cast-iron valve guides bushing. 
It must be replaced if it shows more than 0.005 of an inch clearance. 
This bushing may be driven out and pressed in and reamed to 
proper clearance when in position. The valve may now be ground 
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by placing cage in vise (jaws protected with copper). The use of 
a light spring underneath the valve expedites this operation. There 
is a small slot on the top of the valve to accommodate a screwdriver 
for the usual grinding operation. The remainder of the valve 
assembly must be very carefully washed and syringed. The tappet 
rod, being tubular, must be syringed so that all foreign matter is 
removed. iulcrum pins must not show a greater wear than about 
0.001 of an inch or a free moving fit. The fulcrum bearings are 
supplied with oil through two small recesses and holes at the bear- 
ings. Make sure that all dust and dirt is removed from these holes. 
Important: The above-mentioned holes are great collectors of dirt 
and are so small that they can easily be forgotten.) | 


Cleaning and Assembling Valve Cases. 

Place the completely assembled valve gear case in gasoline bath, 
wash thoroughly, and apply the syringe nozzle to oil holes on top 
of balls on tappets. Flush thoroughly. The tappet should be very 
carefully inspected. Guides should not have more:than 0.002 of an 
inch fit. The face of the tappet rollers will show wear when the 
edges show signs of chipping. In this event they must be replaced. 
Tappet roller pins must be a free running fit, about 0.002 of an 
inch. An excess clearance would be cause for rejection. Tappet 
may be removed for replacement by unscrewing lock ring nut to the 
left. A special spanner is supplied for this purpose. When the 
lock ring has been backed off so that tappet guide can be lifted up 
and turned, the retaining pin can be driven out. Both tappet and 
bushing can now be removed for replacement. Both faces of the 
valve gear case are a ground fit, and care should be taken that these 
surfaces are not injured. In the event that they are injured, any 
abrasions must be removed with a very fine mill file. 


Examination of Cam Pack. 

Place the cam pack in the gasoline bath. Syringe all oil recesses 
carefully. Inspect the surfaces of the cams for sions of wear. Ex- 
cessive wear or evidence of chipped edges require replacement of 
cams. Cams can be withdrawn and replaced by special puller sup- 
plied in the Gnome kit. Cams are numbered and the key is num- 
bered to correspond to cam which it fits. This eliminates any chance 
of incorrect assembly. In replacing a cam, however, make sure 
that oil recess lines up with hole drilled through cam bushing. If 
it does not, a new hole must necessarily be drilled. 

Place the front cover in the gasoline bath; wash thoroughly, and 
syringe oil holes. Inspect satellite gears for excessive wear. Their 
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clearance should not exceed 0.005 of an inch. Both faces of this 
cover are ground fits, and must be free from abrasions. Place rear 
thrust cover in the gasoline bath; wash very thoroughly, and syringe 
oil recesses. Remove any abrasion which may appear on ground 
face. Wash all remaining parts very carefully, including nuts and 
bolts, pins, circlips, etc. Inspect distributor for signs of excessive 
wear and cracks due to uneven temperature. If the insulation 
material on the distributor is checked or cracked, same must be 
replaced. 


3. ASSEMBLY. 
Assembling Pistons. 

Assuming that the cylinders are assembled in crank case, as the dis- 
assembly of the cylinders is necessary only when they are scored, 
we will lay the group with assembly numbers to the top on the spe- 
cially prepared stand. Oil the insides of the cylinders very carefully 
with castor oil. Do not use rags, as a certain amount of lint is bound 
to be deposited. The use of a stiff bristle brush for distributing the 
oil is found to be very practical. Take No. 1 piston, lay it flat on 
the bench, place the master rod in position and enter the gudgeon 
pin (solid end first) into the boss which has the fixing screw. At the 
same time observe where the cut in piston skirt is to the left. The 
gudgeon pin may now be driven home with a drift designed for that 
purpose. During this operation the piston head should be sitting flat 
on a bench and held by a helper. It has been noticed that during 
this operation chips of the punch will break off and lodge themselves 
in the split part of the gudgeon pin. These chips will cause serious 
damage to the obturator ring, and may result in a scored cylinder ; 
so it is necessary that this recess be cleaned out with a scriber. Also 
the master rod should be supported vertically and held by a helper. 
The gudgeon pin lock screw may now be put in place, locking it with 
a cotter pin which is spread, so that the ends bear against inner wall 
of piston. Slip the cast-iron ring very carefully over head of piston 
into groove. The packing ring should next be placed over the head 
of the piston and into its groove, observing that the rounded edge is 
to the bottom. The obturator ring may now be placed into. position 
in the following manner: Enter one end very carefully and gradually 
allow the edge to drop into place, following it around with the fingers. 
The obturator gap should be brought around to the same side of the 
piston as the number on the connecting rod, and placed 30° on the 
side of the gudgeon pin opposite the clearance cup 1n piston. skirt. 
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The gap in the cast iron should be directly opposite this, that is, 180° 


from the obturator gap. he packing ring should be 90° from the 
obturator gap. ‘ 
Inserting Master Rod. 

The master rod with its piston may now be inserted in No. 1 cyl- 
inder. It is necessary, however, to turn the master rod at right an- 
gles to its working position, as there is not room enough in the case 
to accommodate it until piston is well into the cylinder. After the 
master rod has been turned to its correct position, or, in other words, 
with the number to the top, the obturator ring may have turned from 
its correct place. This may be corrected by moving the piston up and 
down in the cylinder, at the same time pushing the ring around by 
means of a copper rod inserted in the obturator gap through the 
cylinder head. Assemble No. 2 piston and connecting rod in the same 
manner as we did No. 1, and enter the piston very carefully. into 
cylinder, sliding almost to the top. Be very careful, however, not to 
slide it too far, as contact with top of cylinder will damage the 
obturator ring. Repeat this operation in numerical order until all 
pistons have been replaced. 

Inserting Wrist Pins. 


Next withdraw No. 5 piston and connecting rod and No. 1, so that 
wrist pin may be replaced. Insert a pin about 0.10 of an inch under- 
size to that of the wrist pin to act as guide. Insert No. 5 wrist pin 
aiter it has been dipped in castor oul, and with soft steel punch drive 
it home, at the same time preserving alignment so that the dowel 
pin will enter its recess correctly. Caution: During this operation 
the master rod must be supported by the helper, as driving on the 
pin places a strain on the piston. Repeat this operation until all 
wrist pins have been inserted. In driving these wrist pins home use 
about a 3°;-inch soft drift and drive only on the edge which has not 
been drilled for oil recess since the pins are tempered, as a very sheht 
tap at these places would result in breaking them. These wrist pins 
must be driven down far enough so that the edge is just below the 
surface about which the master rod bearing revolves. 7 
Crank Shaft and Thrust Plate Assembly. 

Take the crank shaft and lay its flat surface solidly on the bench, 
long end vertical. Slip the large bearing over it until it becomes 
tight, and with the aid of a soft steel punch drive it home against 
shoulder. Place the thrust cover upon the assembly stand. Enter 
the crank shaft into its position and drive it home with hammer and 
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punch. Lift this assembly out of stand and place it in a vise, the 
jaws gripping the cheeks of the journal (protect the vise Jaws with 
pieces of copper). Place the distance collar over crank shaft and 
drop it into place. Slip the radial thrust bearing over crank shaft 
until it becomes tight, and with special drawing sleeve No. 4556 press 
it home. When the radial thrust bearing has been pressed home the 
large ball race will have been forced away from the thrust cover ap- 
proximately 0.5 of a millimeter. This allows a by-pass for oil from 
the distance collar to the inside of the crank case through the nine 
holes drilled for that purpose. Slip the lock ring nut over shait 
‘and screw into position, aligning the locking plate with the key in 
the shaft. A special spanner wrench is supplied in the kit for this 
purpose. Place the distributor on the thrust cover. The key in the 
key way brings it to its proper position. Place the dust cover into 
position. Slip the timing gear over crank shaft, and with special 
gear spanner wrench tighten home. Care should be taken that the 
‘Jock ring is kept backed off until the gear is home. With special 
spanner wrench tighten the lock ring on the gear. If the foregoing 
operations can not be carried out successfully in a vise the thrust 
cover may be placed on the crank case over the studs, and by holding 
the cylinders the gear may be brought to the proper tension. Place 
the gasoline jet in a position in line with the.crank shaft, tighten 
the set screw until the jet is held rigidly. Then tighten the lock nut. 
(Norz.—The gasoline jet has a ground joint and must be tight, other- 
wise the correct mixture can not be obtained.) 


Assembling Crank Shaft, Thrust Plate, and Crank Case. 

Take crank shaft and thrust cover assembly and place it into posi- 
tion on cylinder, threading the crank shaft journal through master 
rod. The press fit between the ball race and master rod will not 
allow it to enter without pressure, but the thrust cover will go down 
far enough to allow putting on four or five nuts to hold it in position. 
Caution: Do not try to tighten these nuts. Simply screw them down 
about two turns or enough to hold them on the studs. Any tension 
brought to bear would spring the case. With the aid of two heleprs, 
lift the whole assembly from the stand into the bench assembly 
stand or test carriage. Screw lock ring nuts on the end of the 
crank shaft to hold it in position. 

Setting Ball Race. 

At this stage the master rod will not be fully on the ball race at 
the back of it, but will be binding. It can be pulled home with the 
aid of special puller No. 4557, and when home the master rod will 
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be quite free; also all of the connection rods will have about a as- 
inch side play. Before putting on puller No. 4557 adjust it to its 
shortest length over-all. Then screw the internal thread onto the 
threaded end of the crank pin. With the lever, screw the internal 
thread up tight. Then with the spanner on the hexagon portion 
of the puller, force the sleeve upon the master rod, which in turning 
pulls the ball race home. Replace all spring washers and nuts 
holding the thrust cover onto the crank case -at the back of the 
engine, and tighten. : 

Placing Short End Crank Shaft. 

_ Take the short end crank shaft with outer connection rod bearing 
attached, thread over the journal, noting that taper pin is in its 
key way, and, with the aid of a soft steel punch and hammer, drive 
home into master rod. Replace hexagon nut and tighten with 
special socket wrench until punch marks line up. This will indi- 
cate that we have the nut in its proper position. Replace the lock- 
ing plate and tighten screw, caulking it with center punch to pre- 
vent its backing out from vibration.. 


Checking Bearings and Rods. 


At this stage of the assembly we may ascertain in the following 
manner whether or not bearings are in their proper position, and 
whether the connecting rods are lined correctly. Place a 12-inch 
scale in a vertical position with its edge resting against the edge of 
the crank case so that, when placing another scale horizontal to the 
crank shaft with its end resting against the shoulder of the cam 
gear case bearing, one may take a measurement between the edge 


of the scale and the shoulder of the cam gear case bearing. This 


measurement shall not be under 8.5 or over 11 millimeters. 
Replacing the Engine Case. 


Slip cam gear case bearing over crank-shaft and drive home with 
the aid of a steel punch and hammer. Now take the cam gear case 
and place in a position so that the outer tappet marked No. 2 will be 
in line with cylinder No. 5. (This apparent disarrangement of the 
almost perfect numbering system throughout the engine was occa- 
sioned by the application of these parts to the seven cylinder engine.) 
The case will not go fully onto the studs on account of the fit between 
it and the ball race. In order to force the case home, use special 


‘puller No. 4559. Screw the operating nut into the sleeve until the 


thread. disappears. Then thread it loosely over the shaft, avoiding 
the tappet by rotating it slightly. The internal thread on the operat- 
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ing nut will engage with the thread on the crank shaft, and this 
should now be screwed up as far as possible, using a spanner wrench. 
Rotate the sleeve by hand until the flange bears against the case; 
then, placing the spanner on the sleeve, revolve sleeve and engine 
simultaneously. This procedure forces the case home. Should it 
appear to bind, it may be relieved, by a few blows of a rubber mallet. 
Do not apply pressure on the puller after case is brought home, as 
this will strain the walls of the case and may permanently distort it. 
Nuts and spring washers may now be replaced and tightened with 
12 millimeter socket wrench. (Nors.—The practice of using lock 
washers the second time is not advised, especially at this point.) 


Installing Cam Pack. 

Replace cam pack by giving it a slight screwing motion, thus 
avoiding the tappets and allowing it to go into position. Place the 
crank shaft pinion into position in line with key, and gently tap home 
by means of hollow punch No. 4548 and hammer. There must be 
an expansion and contraction clearance of 0.18 inch between the cam 
pack and the crank-shaft pinion. This clearance must be measured 
in the following manner: Push the came pack in so that cam roller 
face and the cam face are flush. Pull the cam pack out as far as it 
will go and put a scale to the edge of the cam roller. The distance 
the cam pack has moved should be from 0.018 to 0.030 of an inch. 


Replacing Valve Cages. 

Take No. 5 valve cage. Slip on lock ring nut, put valve into posi- 
tion, put valve spring in place, making sure that retaining lug of 
spring is in its socket, place on the spring cup and press down with 


thumb and fingers. This allows the replacing of valve key. Re- 


place fulcrum. Tap the fulcrum pin into position with a very light 
hammer. Place tappet rod into fulcrum and drive the pin into posi- 
tion. Take the whole assembly and place into position on its re- 
spective cylinder. A new gasket must be placed between cylinder 
and seat on valve cage. It is advisable to cover the threads and 
also the gasket with flake graphite and oil, thus facilitating removal 
on the next overhaul. With a special spanner wrench screw lock 
ring nut tight. (Norz.—The valve cages on some of the new engines 
have a key way cut into them, and a corresponding key in the cylin- 
der, which preserves the alignment of the cage. However, if no 
provision is thus made, the correct alignment can be obtained by 
sighting the tappet rod to the tappet. Press down on the valve 
spring and allow the cup on the end of the tappet rod to rest on 
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the ball end of the tappet. Turn the cam shaft so that the valve is 
closed; unloosen lock nut on tappet rod, turn the ball cup until all 
the play is taken up. Then back it up one-half turn and tighten the 
lock nut. The correct clearance for timing of engine is 0.5 milli- 
meter and the threads on this adjustment are cut exactly one milli- 
meter to the turn so that by backing up the adjustment one-half a 
turn we arrive at the correct clearance. ) 

Timing Valves. 

Turn the engine so that No. 5 cylinder is at 85° before the ver- 
tical in the direction of rotation, which is clockwise. Turn the 
camshaft in a counterclockwise rotation so that the flat side of the 
cam is Just about to lift the valve; or in other words, the clearance 
has just been taken up and the valve not lifted. The position of 
No. 5 cylinder can be checked by a protractor on the tappet rod, but 
the mechanician may very easily sight 85°, inasmuch as the divisions 
of the circle are marked by the cylinders. Take the front cover 
with the ball race removed, place the satellite gears so that the 
markings on them are toward the center, and place into position. 
Two pins, one on each side of the front cover, are useful to guide 
it into position. Put in some of the bolts which hold the cover in 
position, loosely, and before tightening up same tap the ball race 
on the crank shaft home. Then screw the umbrella nut up hard, 
at the same time tighten up the front cover bolts evenly all around. 
Valve Cages. | 

Refer back to valve assembly operation and repeat until all the 
valves have been replaced in their respective cylinders. It is ‘not 
good practice to use circlips the second time, as very frequently the 
heat has -decreased their tension. Put new circlips on the tappet 
cups and fulcrum pins. The use of a scriber has been found very 
handy in this operation to ascertain whether these fulerum pin 
circlips will withstand centrifugal force, air pressure, etc. Test 
them by striking the end of pin a moderately sharp blow with about 
a 6-ounce hammer. If pin jumps out of place it is good evidence 
that the circlip is not performing its function. 

Installing Spark Plugs. | 

Spark plugs may now be replaced, using new gaskets, and tighten- 
ing down with the aid of the special socket and spanner wrench sup- 
plied in the Gnome kit. Uncoil the brass ignition wires and fasten 
to spark plugs by making two loops around the terminal of the plug, 
and making six turns around the brass wire for safety. The wires 
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should be securely fastened but should have no tension after they are 
fixed, and should not be allowed to come into contact with any part of 
the engine. 


Installing for Test. 

Assuming that the engine has been built up to this stage in the 
assembly stand, and that it is to be thoroughly tested before installa- 
tion in plane, we will move it to portable test carriage. Unloosen 
lock ring nut at the end of the crank shaft and apply special engine 
puller No. 4566 as has been described when engine was first removed 
from plane. The engine can now be lifted down by three or four 
men and placed in portable test carriage by threading the crank 
shaft through the main bearer plate. Before entering the crank 
shaft into the centralizing plate, slip the lock ring nut over the shaft. 
The crank shaft can now be guided into the centralizing plate, making 
sure that the key is entering its key way. Tighten the lock ring nuts 
both front and rear with spanner wrench. The oil leads may now be 
replaced on the crank shaft and connected up. The le eesolins feed can 
also be replaced and connected up. 

Timing Magneto. 

Select any cylinder which is coming up in the compression and turn 
engine so that this cylinder is in the position of 18° before top 
dead center. A protractor may be used for this operation, but the 
position of the cylinder is very easily sighted inasmuch as the cylinder 
at the lower vertical position when brought to exact dead center 
would make the cylinder we are about to time, 20° before center. 
Two degrees are very easily judged by the experience rotary 
mechanic, but for the benefit of a new man, we would suggest the use 
of a protractor until he becomes accustomed to judging the distance. 
Take the magneto with breaker box cover removed, turn the gear in 


direction of rotation so that breaker points are about to break. Mesh 
gear and place magneto into position. Tighten the three bolts hold- 


ing the magneto. Replace high tension lead and connect the ground 
wire. 3 
Starting Engine. 

Attach propeller and tighten the six nuts holding it. Before start- 
ing the engine we would suggest forcing about a quarter of a pint of 
castor oil into the crank shaft to keep the engine lubricated until the 
oiling system is functioning properly. Turn the engine so that one of 
the cylinders with open exhaust is at the bottom and open gasoline 
regulating valve until gas runs out of the exhaust valve. Then shut 
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it off. The engine may be cranked now in the usual manner. Allow 
the engine to run about 2 minutes until the cylinders are thoroughly 
heated up and expanded; then stop and make final adjustment to the 
valve seatings. | 


Checking Valves. 

While the cylinders are thus expanded, turn the engine so that 
any one cylinder on its power stroke comes to 90° before top dead 
center. Unloosen the lock nut on tappet adjustment, and turn the 
ball cup until all of the play has been taken out; in other words, so 
that the next instant the valve will open. Tighten the lock nut. For 
this operation it is not necessary to remove the circlips. Repeat this 
operation until all cylinders are opened at exactly 90°. If engine in 
the meantime has cooled down, start up again for a few minutes and 
turn off and resume the operation, as this timing must be done while 
the engine is hot. The exhaust valve should close at 120° past top 
dead center on the revolution of the cylinder next to that of its 
opening. 


O 








NS ee I ee ee ee el ee 


i 
i 


Ne Pt ti | ; 


‘ 
: Ny erat tty 
ne ality i rit i i i! i \ | Ma 
aay uy Us wry 
CAL Ora a 4 ; f ij 4 
’ a DE Ae | ? 
Nile £4 Ll yi 
i ie! Nantes 
ahs ANE a? ; 4 mite , 


| 
ty 
A] 


hy 1 ¥ 7 
NY 
y it ) 
Nib VA 
i] Ea 


alte 
Int That 
hau 


Gi 


| 
va 
Wt 


+ 
a 


Dar i f 
ce a | a i 
Payee i) 


ie : : , sie ; rete ‘ NV tte tee 
Pere . “4 : m3 Pai as 
weute ; : \ Haake ' ‘ vn HPa yA 


th } J wt M bala § 
A AN hy ii ; Se 
ae AT URL S S 


an sith p 





ee Saas 
Ree 
mes 


4 
ve 


A) 


di} 
‘J 


Sse 


Para a 
ez = 
= Sahn 


mete ie 


Serre SF a 
Senay oe 
~ Mp * 


oe 
wear te 





